Previous research has established a role for the norepinephrine/stress system in individual 3 differences in biases to attend to reward or punishment. Outstanding questions concern its role in 4 the flexibility with which such biases can be changed. The goal of this pre-registered study was 5 to examine the role of the norepinephrine (NE)/stress systems in the degree to which biases can 6 be trained along the axis of valence in the direction of reward.
more rewarding than threatening. Several central hypotheses were included in our pre-registered protocol on the Open 138 Science Framework (see https://osf.io/stqy4/). (1) We predicted that the adaptation effect 139 pushing face judgments in a positive direction would be more pronounced in ADRA2b deletion 140 carriers compared to non-carriers following training, indexing greater flexibility linked to 141 putatively greater NE availability. (2) We further predicted that greater initial NE activity in 142 deletion carriers would be potentiated by stress induction leading to an enhanced adaptation 143 effect in deletion carriers. (3) Based on pilot data, we predicted that we would not observe 144 differences in the degree of initial bias based on either genotype or stress condition. 
Materials and Methods

Participants
146 266 participants (192 females, mean age: 21.0 ± 3.9 years) took part in the experiment. 147 All participants indicated that they were either of European or East-Asian descent. All continued until the end of the academic term in which the minimum was reached. 154 Participants were asked not to eat, consume alcohol or caffeine and exercise two hours 155 before the experiment due to its known effects on the stress response (Kudielka, Hellhammer, & 156 Kirschbaum, 2007). Participants were randomly assigned to stress and control conditions (129 157 and 137 participants respectively). The study was approved by the Human Research Ethics samples for baseline measures of stress indicators (Figure 1 ). This was followed by the SECPT 182 (described in more detail below) in either a stress or control condition. The three-minute stress 183 induction/control procedure was followed by a second saliva sample. Successful stress induction 184 was further assessed by the administration of the SECPT questionnaire -a three-item 185 questionnaire measuring the subjective stress response (Schwabe et al., 2008) . Participants were 186 further asked to fill out a battery of questionnaires in order to control for individual differences 187 that could potentially influence stress responses or operant conditioning performance. In order to 188 capitalize on effects of cortisol (delayed stress response) on behavior, the operant task started 20 189 minutes after the end of the SECPT (Schwabe et al., 2008) . After participants finished the task 190 (about 60 minutes after the SECPT), the third and last saliva sample was taken. If participants 191 did not complete all questionnaires in the 20-minute period before the learning phase, they 192 finished them before the debriefing. were instructed to remove their hands from the water if they had not done so before. In the 201 control condition the ice water was replaced with warm water (35 -37 ⁰C) and participants were 202 neither videotaped nor watched by the experimenter. They were also instructed to keep their 203 hand in the water while the experimenter was present in the room. responses we asked participants to rate how stressful, painful and unpleasant the SECPT was 206 using a ten-point scale ranging from 1 ("not at all") to 10 ("extremely"). The questionnaire was 207 administered immediately after stress induction. order. Bias Probe pre-and post-adaptation followed the exact same structure. By randomizing 226 face presentation and including many subtly varying morph frames we ensured that participants 227 would be unlikely to remember their previous ratings of each morph frame the second time they 
Behavioral Results
282
Exploratory analyses were performed to confirm that sex (p = .432) and racial identity 283 (Caucasion vs. Asian, p = .291) had no significant effect on behavioural measures. In addition, 284 exploratory correlations were performed between questionnaire measures and bias scores. Only 285 state anxiety showed robust correlations with bias, and all subsequent analyses were performed 286 both with and without state anxiety scores as a covariate.
287
Moreover, exploratory analyses showed no difference between genotype or stress groups 288 or any interactions with regard to working memory performance in the adaptation task (p =
289
.326). It should be noted that, whereas previous studies have found interactions between As stipulated at pre-registration, we performed an analysis where we assessed the 295 probability of faces being rated as angry frame by frame (that is, for each degree of morphing 296 from 100% angry to 100% happy) pre-and post-training by ADRA2b genotype and stress 297 condition. A mixed analyses of variance (ANOVA) with bias probe (pre-and post-adaptation) 298 and frame (15 frame per continuum) as within-subject factors and ADRA2b genotype (deletion 299 and no deletion) and stress condition (stress and control) as between-subject factors.
300
There was a main effect of frame, F(5.57, 1357.88) = 3097.33, p < .001, indicating that, 301 unsurprisingly, participants were sensitive to the amount of emotion signal in the faces.
302
Unambiguously angry faces were most likely to be rated as angry with decreasing probabilities 303 as the continuum approached unambiguously happy faces. A main effect of test (pre-vs post-304 training), F(1, 244) = 11.48, p = .001, further revealed that the adaptation procedure led to an 305 overall shift of affective bias toward judging faces as more positive. These main effects were 306 qualified by a test x frame interaction, F(8.81, 2149.94) = 17.20, p = .001 (Figure 3a ). Pairwise 307 contrasts revealed shifts in judgment for frame 1 (the most angry face), frames 4-8, and 11-15 308 (the most happy faces) (ps < .05). Taken together, the adaptation procedure resulted in a robust 309 shift of affective bias in a positive direction.
310
Importantly, there was an ADRA2b x frame interaction, F(14, 3416) = 3.00, p < .001, 311 such that deletion carriers rated a greater proportion of faces as happy for frames towards the 312 middle of the morph continuum (frames 5 and 6, ps < .05) ( Figure 3b ). However, we did not 313 observe the hypothesized ADRA2b x frame x test interaction that would have indicated that 314 carriers of the deletion variant shifted their bias more flexibly than non-carriers. Rather, they 315 simply showed a stronger version of the pattern observed in all participants: A slightly positive 316 bias pre-training that became more positive after adaptation. There was no effect of stress F(1, 317 244) = 2.55, p = .112, no two-way interaction between stress and test F(1, 244) = .001, p = .972 318 and no three-way interaction stress, test and frame F(14, 3416) = .716, p = .761.
319
When controlling for state anxiety the same pattern of results reported above pattern was 320 found: The analysis revealed a main effect of test, F(1, 238) = 11.44, p = .001, and frame, We reasoned that, as previously observed in rodents (Enkel et al., 2010) , hypothesized 328 effects of the stress manipulation may have been obscured because effects of stress on bias 329 change depended on the degree of initial bias. That is, it may be that stress moderated effects of 330 initial predisposition to rate ambiguous faces as happy or angry on bias change. In order to test 331 the hypothesis that change in affective bias through adaptation depends on the baseline bias, and 332 that this effect is moderated by stress, we performed a moderation analysis (Preacher & Hayes, 333 2004). In a regression model, pre-adaptation bias was defined as the predictor variable. This was 334 operationalized as the proportion of trials rated as happy at frame 7, the ambiguous frame at 335 which participants were split evenly around the median into those who were positively and 336 negatively biased. Stress condition was included as a moderator variable. The analysis revealed 337 that pre-adaptation bias predicted the degree of bias change b = -.05, t(244) = -2.73, p = .007, 338 such that those with an initial bias toward judging faces as angry showed greater change in the 339 positive direction. Importantly, this was qualified by a pre-adaptation bias x stress interaction, b 340 = .04, t(244) = 2.07, p = .04, indicating a moderation effect: Pre-training bias was a significant 341 predictor of bias change for those who showed a more negative bias pre-adaptation changing in a 342 positive direction in the control group, b = -.09, t(244) = -3.17, p = .002, but not in the stress 343 group, b = -.01, t(246) = -.51, p = .613 (Figure 3c ). Thus, stress diminished the effect of pre-344 adaptation bias on bias flexibility that allowed the more negatively biased participants to show 345 greater change (Figure 3c ). 
Discussion
348
The aim of the current study was to examine the role of the NE/stress system in affective 349 bias flexibility along a continuum ranging from stimuli signaling social punishment to those 350 signaling social reward. The results revealed an overall robust adaptation effect in healthy young 351 adults, such that judgments of facial emotion became more positive following repeated exposure 352 to angry faces. Although it did not predict bias flexibility, carrying the deletion variant of the 353 ADRA2b genotype was associated with a tendency to rate faces as more positive overall. containing both female and male features is perceived as more female after being exposed to 363 male faces (Webster et al., 2004) . This adaptation effect has also been shown for emotional 364 expressions such as disgust and surprise (Webster et al., 2004) . In the present study, we used a 365 morphing paradigm in which ambiguous facial expressions were perceived as happier (and less 366 angry) after being exposed to a working memory task using angry facial expressions. To date, 
369
In the current study, we were able to replicate this finding in a much larger population of healthy 370 university students, validating and generalizing previous findings. In the adolescent sample, the 
395
A large body of literature has focused on the effects of acute stress on explicit learning. It 396 is well established that, when there is a delay between stress induction and a cognitive task, as in 397 the present study, performance is typically impaired (Joels, Pu, Wiegert, Oitzl, & Krugers, 2006) . 398 In a recent study, we demonstrated that acute stress induction followed by a delay not only 399 impairs explicit learning and memory, but also effects implicit operant and classical conditioning 400 (Ehlers & Todd, 2017a ). Here we found no overall influence of acute stress on pre-existing 401 biases or bias change. Yet, as has been suggested by studies of non-human animals, effects of 402 stress manipulation on adaptation can be masked by differences in initial bias (Enkel et al., 403 2010). Indeed, follow-up analyses showed that participants with more negative initial biases 404 showed stronger positive bias change. Importantly, this effect was only visible in the control but & Otto, 2010b) and stressful events have been found to play a causal role in depression 412 (Hammen, 2005) . Our past work has demonstrated that acute delayed stress can lead to reduced 413 reward responsiveness in healthy young adults in a manner reminiscent of anhedonia symptoms 414 in depression (Ehlers & Todd, 2017a) . The current study further demonstrates that acute stress 415 can directly impair the training of negative biases in a more positive direction. An equivalent 416 phenomenon has been observed in rodents, where pharmacological manipulation mimicking the 417 stress response shifted responses to ambiguous cues away from the positive such that ambiguous 418 cues were more likely to be judged as negative (Enkel et al., 2010) . Taken together, the findings 419 of the present study have implications for predicting responsiveness to depression treatment, as 420 we have shown that implicit training yielding more positive cognitive biases is hindered under 421 acute stress.
422
Previous research has also demonstrated interactions between ADRA2b genotype and 423 acute stress, such that amygdala activity was enhanced for deletion carriers only under acute 424 stress (Cousijn et al., 2010) or that deletion carriers were not affected by stress-induced memory 425 impairments. In contrast, we did not find any interactions between genotype and stress in the 426 present study. In particular, we hypothesized that acute stress induction would amplify the 427 putative difference in NE availability and hence in behavior between ADRA2b deletion carriers 428 and non-carriers. There are several possible explanations for not seeing the hypothesized effect.
429
First and foremost, there may have been no differences to be amplified, as we observed no 430 behavioral differences between deletion carriers and non-carriers with respect to bias flexibility.
431
Moreover, acute stress is likely to affect the whole norepinephrine system and hence all receptor 432 subtypes in the same way. Thus, it could be that an overall increase in NE availability affecting It should be noted that the dopaminergic system is also likely to play a role in stress-related 
445
Future research can further probe the role of the DA system in effects of stress on bias flexibility.
446
While subjective stress ratings indicated successful stress induction, it should be noted that 447 there were no significant differences in cortisol levels between stress and control group. Initial 448 measurements were taken right before and after stress induction, where no group differences 449 were expected (Schwabe et al., 2008) . The third measurement was taken at the end of the 450 experiment, which was about 60 minutes after stress induction. In our previous studies, the post 451 task measurement was taken approximately 40 minutes after stress induction and elevated 452 cortisol levels were reliably observed (Ehlers & Todd, 2017a) . Hence, we speculate that the 453 reason for that result is that we missed capturing peak activation in cortisol about 25-30 minutes 454 after stress induction (Schwabe et al., 2008) . Nevertheless, we are confident that the tasks were 455 performed under the influence of acute stress due to the subjective ratings, the reliability of the 456 induction procedure (Schwabe & Schachinger, 2018) our own experience with it (Ehlers & 457 Todd, 2017a).
458
In conclusion, the current study showed that a common genetic variation putatively were given 20 minutes to complete several online questionnaires before starting the experimental 651 tasks. The initial bias probe was followed by a 2-back memory task. The second bias probe task 
